A new scintillation-type anion time-of-flight detector of high transmittance is reported. The precursor type of this detector, which is known as the Daly detector, is often used in molecular beam experiments in combination with time-of-flight mass spectrometry. We present an improved and simple design which has several advantages compared to most common anion detectors. © 2001 American Institute of Physics. ͓DOI: 10.1063/1.1384422͔
The detection and analysis of charged particles like ions, molecules, or clusters by mass spectrometry is often limited by the transmittance of the respective detector. The historical article of Daly 1 was a benchmark in the field of time-of-flight mass spectrometry in combination with molecular beams. The Daly detector is mostly used to detect positively charged particles of high kinetic energy. Briefly, a positive ion beam is accelerated toward a conversion dynode at high negative potential. The emitted secondary electrons then hit a grounded metal film which covers a scintillation crystal. Each electron then produces a light flash which is detected by a photomultiplier mounted outside the vacuum. Meanwhile, a number of modified Daly detectors have been widely used ͑see, for example, Refs. 2-7͒. This classical type of detector can be used for both positively charged and negatively charged particles, depending on the applied voltages.
In this note, we present a new type of scintillation detector, which can be used for the efficient detection of anions ͑molecules, clusters͒ in combination with time-of-flight mass spectrometry. In Fig. 1 , a schematic of the new detector is presented. Briefly, the negatively charged particles enter a first acceleration field, held at high positive potential. This field is prepared by two metal grids, both with an open diameter of 40 mm. The grid material is based of a CrNi mesh of 80% transmittance. The first grid is grounded, whereas the second grid is biased at ϩ2 kV. Therefore, a field of 1333 V/cm is generated to accelerate the negatively charged particles onto the second grid, where secondary electrons are generated. Behind the second grid, which serves as a conversion dynode, an aluminum-coated scintillation crystal is mounted in a distance of 34 mm. The aluminum surface is held at a potential range between ϩ10 and ϩ14 kV. In the latter case, a field of 3530 V/cm is generated. The effective detection area of the scintillator is 3800 mm 2 . Both secondary electrons and negatively charged ions or clusters are then accelerated onto the Al surface, where each electron induces a light flash in the scintillation crystal. This scintillation crystal is a commercial type ͑BICRON BC 418͒ and has dimensions of 1 mm thickness and 70 mm in diameter. The scintillation crystal is mounted onto a cylindrical light guide ͑acrylic glass͒, which seals the vacuum chamber. The whole detector is mounted in a metal vacuum flange ͑ISO 160͒. The light flashes are then detected by a standard photomultiplier ͑PMT͒, which is located outside the vacuum chamber. The signals are converted to a digital oscilloscope without further amplification. The PMT can easily be removed without interrupting the vacuum. The simple design also allows a quick change of the entire detection device. The size of the described detector can be scaled up or down corresponding to the needed experiments. The performance of the described detector is well proven and reported in Refs. 8 and 9 in combination with molecular beam experiments using timeof-flight mass spectrometry and photoelectron spectroscopy of negatively charged clusters. Another crucial parameter of the detector is time resolution. The combination of the organic scintillator and the multiplier should be matched. In the case of the scintillator a decay constant of 500 ps in combination with an emission maximum at 391 nm is used for ultrafast timing. The photomultiplier ͑HAMAMATSU R a͒ Author to whom correspondence should be addressed; electronic mail: ehlers@rad01.chemie.hu-berlin. de   FIG. 1 . Schematic of the scintillation-type anion time-of-flight detector: ͑1͒ first grid at ground potential; ͑2͒ second grid at ϩ2 kV; ͑3͒ Al-coated plastic scintillator; ͑4͒ light shielding; ͑5͒ light guide. The whole detector is mounted onto an ISO 160 flange ͑6͒. Outside the vacuum, the signals are detected by a closed PMT and transferred to a digital oscilloscope without further amplification.
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323-02͒ has a rise time of 2600 ps and an absorption maximum at 420 nm. Thus, single photon counting is also possible. The conversion-or better-detection efficiency might be influenced by the type of the metal of the conversion dynode, which is the second grid in our design. The grid material is a CrNi stainless steel alloy. The critical parameter which determines the ability of a metal surface to emit secondary electrons after an impact is the secondary emission yield ␦ which is a function of the kinetic energy of the incident electron. Aluminum has a ␦ of 1.0, 10 whereas the ␦ of magnesium is 0.95. We have tested a number of metals as surface layers by coating the grid, but there was no quantitative indication for a preferable order of the materials used. Therefore, the crucial parameter for the detection efficiency is the overall velocity of the impinging particles. One advantage of our new design is the ability of using moderate voltages ͑below 10 kV͒ in comparison with former Daly-type detectors. After a longer period of use ͑1 yr͒, no significiant indication of surface damage due to particle impact onto the aluminum layer is observed, although both ions, neutrals, and secondary electrons hit the surface. When corrosive gases are used, the grids can quickly be exchanged and the Al layer can be recoated easily.
In summary, we have presented a new scintillation-type time-of-flight detector of high transmittance and simple design for the detection of negatively charged particles, which overcomes the problems of high voltages and small detection areas known from former detectors.
